. dGCR rates for systematically generated strains tend to be higher than for traditionally generated strains. a. The GCR rates for strains with 45 different genotypes are plotted so that strains with the same mutations have the same position along the x-axis. For example, the wild-type strain (or leu2Δ control strain) has an x-position of '1'. The GCR rates for the mutant strains constructed in the RDKY6678 background using traditional gene knock out methods 1 are displayed as blue circles with error bars corresponding to the 95% confidence interval. The GCR rates for strains constructed by crossing the dGCR query strain RDKY7635 to the BY4741 mutant collection and isolating appropriate single mutants are displayed as red squares. The GCR rates for strains constructed by crossing a dGCR query strain derived from RDKY7635 containing a mutation of interest yfgΔ (Your Favorite Gene) to the BY4741 mutant collection and isolating haploid leu2Δ yfgΔ double mutants are displayed as green triangles. The GCR rate for the traditionally constructed wild-type control strain is indicated by the dashed horizontal line, and the GCR rate for the systematically constructed wild-type control strain is indicated by the solid horizontal line. b. The fold difference between the GCR rates of the systematically constructed strains and the traditionally constructed strains are plotted. The average fold difference for the 23 single mutant strains (red squares) is 2.7, for the 25 leu2Δ yfgΔ double mutant strains (green triangles) is 3.3, and is 3.0 for all 48 systematically generated strains (solid line). No change is indicated by the dashed line. The small but consistent increase may be because the traditionally generated strains have a can1::hisG deletion lacking homology to the yeast genome, whereas the systematically generated strains have a can1::P LEU2 -NAT marker that bears a small ~100 bp of YCLWdelta5 sequence, which has homology to the many Ty element-related sequences in the genome.
Supplementary Information
Supplementary Figure 2 . Determination of a cutoff score for the dGCR assay. a. The number of incorrectly categorized mutants are plotted as a function of trial patch cutoff scores; strains with GCR rates that are at least 3-fold higher than the control strain are considered to be the "gold-standard" for identifying strains with increased GCR rates. False positives, which have average patch scores above the trial cutoff but do not have increased GCR rates, are displayed with dashed lines. False negatives, which do not have average patch scores above the trial cutoff but do have increased GCR rates, are displayed with solid lines. Grey lines include only data for 101 single mutant strains generated by crossing the wild-type dGCR query strain to the BY4741 mutant collection. Black lines include these 101 strains as well as 43 double mutant strains generated by crossing a dGCR + query mutation strain containing a mutation of interest, yfgΔ, to the BY4741 mutant collection and isolating a haploid leu2Δ yfgΔ double mutant. The total number of false-positive and false-negative errors can be minimized using a cutoff between 1 and 2. b. The weighted sum of the sensitivity and specificity (see Experimental Procedures) plotted as a function of trial cutoff scores reveals a peak around 1.4 for both the 101 single mutant strains (grey) or all 144 mutant strains (black). c. The ROC curve reveals that strain scores are a good surrogate for the quantitatively measured rate (compare to dashed random line). The greater area under the curve for the 101 single mutant strains (grey) relative to all 144 mutant strains (black) suggests that the single mutant strain scores are a slightly better predictor than the leu2Δ yfgΔ double mutant strain scores. d. The increase of the area under the ROC curves using different rate cutoffs as the "gold standard" for increased GCR rates shows, as expected, that the ability of the patch scores to identify strains with increased GCR rates improves for strains with larger increases in GCR rates. Comparison of GIS genes by strain score in the dGCR, sGCR, and tyGCR assays. Venn diagram illustrating the 147 genes suppressing GCRs in the three GCR assays demonstrates that most gene defects were observed in more than one assay. Genes displayed here correspond to only the genes identified by GCR strain scores. Genes that were identified by their GCR strain score but did not increase the GCR rate by at least 3-fold over wild-type in at least one assay, and hence were false positives, are indicated with asterisks (*). RAD54  RAD57  RNH202  RNR1  SPT21  YML020W   39 genes  BEM3  BSD2  CTF8  EAF1  ELM1  ERM6  GIM3  GIP3  ISW1  MMP1  MTM1  PFD1*  PHR1  POC4*  RAD4  RAD9*  RAD10*  RAD59  RMD5  RMD11  RSC30  RTS1  SAE2  SEC66  SFL1  SLM1  SLX1*  SNQ2  SPO7  TOF2  VPS20  VPS53  YCL026C  YHL022W  YHL026C  YJL218W  YKR023W  ZDS1   36 genes  APC9*  CCS1  CHK1  CLN3*  CTK2  DST1*  EST2  IRC3  MLH1  MMS2  MSH2/MSH6  NAM7*  NTG1*  NUP84  NUP133  PDS1  PET123*  PGD1*  PRR1*  RAD1*  RAD14*  RPL34B*  SEM1  SKI3*  SKN7*  SPT3*/SPT8  STE50  TOF1  UBR1  UMP1  YDJ1  YKU80  YLR124W* YTA7
a.
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Supplementary Figure 4 . Comparison of GIS genes in systematically generated strains in the dGCR, sGCR, and tyGCR assays. Venn diagram illustrating the 126 genes suppressing GCRs in the three GCR assays demonstrates that most genes were observed in more than one assay. This diagram was modified from Supplementary  Figure 3 by removing genes corresponding to mutations that did not increase the GCR rate (Supplemental Table  2 ) by at least 3-fold in at least one assay (i.e. false positives) and by including genes that did increase the GCR rate by at least 3-fold in one assay even if their GCR strain score was below the strain score cutoff score threshold (i.e. false negatives). The decrease of 20 genes relative to that reported in Supplemental Figure 3 reflects the fact that the GCR rates reported (Supplemental Table 2 ) were to a large extent determined for mutants with GCR strain scores in the range of 1.0-2.0 in order to better derive cutoff scores, but this strain score range is the most difficult to classify using patch tests and strain scores. CDC73  CHL1  CSM3  DUN1  HST4  MPH1  MUS81  RAD24  RTT107  SLX8  SRS2   3 genes  MEC1  NUP60  PIF1   13 genes  CKB2  CLB5  DIA2  DDC2  EST1/EST3  MMS1  RAD51  RAD55  RTT105  SKN7  SSZ1  YDL162C   127 genes total   15 genes  CDC26  DCC1  HOS2  POL32  PRR1  RAD54  RAD57  RAD61  RNH202  RNH203  RNR1  SAC3  SNT1  SPT21  YML020W   37 genes  BEM3  BSD2  CTF8  EAF1  ELM1  ERM6  GIM3  GIP3  ISW1  MET18  MMP1  MTM1  PHR1  RAD4  RAD59  RMD5  RMD11  RNR3  RSC30  RTS1  SAE2  SEC66  SFL1  SLM1  SNQ2  SPO7  SRC1  TOF2  VPS20  VPS53  YCL026C  YHL026C  YJL218W  YKR023W  YML002W  ZDS1   20 genes  CCS1  CHK1  CTK2  EST2  EXO1  IRC3  MLH1  MMS2  MSH2/MSH6  NUP133  PDS1  SEM1  SPT8  STE50  TOF1  UBR1  UMP1 YKU80 YTA7
Supplementary Figure 5 . Consistency of double mutant scores. a. GCR strain scores for the 801 pairs of double mutants generated in bait × query and query × bait crosses were placed into two-dimensional bins, and the number of pairs in each bin is indicated by the number presented. Most double mutant strains generated in bait × query crosses had a very similar GCR strain score to those generated as in query × bait crosses, so that most pairs fall in bins along the diagonal. b. The number of strain pairs with score differences less than a threshold difference is plotted against the threshold difference. Supplementary Figure 6 . Distribution of the double mutant strain scores relative to the strain score of the query single mutants. a. The GCR strain score change of a double mutant strain was determined relative to the higher of the two single mutant GCR strain scores. The score change can be positive (the GCR strain score of the aΔ bΔ double mutant is greater than the higher single mutant GCR strain score of aΔ) or negative (the GCR strain score of the aΔ cΔ double mutant is lower than the higher single mutant GCR strain score of aΔ). b. GCR strain score change for the entire collection of double mutants, sorted by score change. c. The histogram of all GCR strain score changes for the double mutants is centered around zero. 
Supplementary Figure 12. Selected genetic interactions between mutations that result in increases in
GCRs detected by the dGCR assay. a. Genetic interactions between deletions in post-replication repair (PRR) genes are displayed using GCR strain scores; increases in GCR strain scores in double mutant strains are highlighted with red boxes, and suppressive interactions are highlighted with blue boxes. Defects in the Rev1-Rev3-Rev7 branch and defects in the Ubc13-Mms2 branch cause increases in GCRs, as previously observed in the dGCR assay 2 . Deletion of RAD18 or RAD5 causes sufficiently high GCR strain scores that further increases in GCR strain scores in double mutants are difficult to identify; however, partial suppression (blue boxes) of the rad18Δ and rad5Δ strain scores by srs2Δ was detected, as observed previously using quantitative GCR rate tests 2 . b. Defects in the Rev1-Rev3-Rev7 and Ubc13-Mms2 PRR branches interact genetically with mph1Δ as detected using GCR strain scores and GCR rates (Supplementary Table 7) , consistent with the previously observed synergistic interaction between mph1Δ and rad5Δ 2 . c. The model for these genetic interactions argues that PRR plays a role in suppressing GCRs in the dGCR assay by shifting the repair of some lesions from homologous recombination (HR), which can generate GCRs when non-allelic HR targets are involved. Increases in GCRs caused by mph1Δ are consistent with the role of Mph1 in preventing aberrant processing of HR intermediates 3 . d. Genetic interactions between defects in DNA damage and replication checkpoint genes are displayed as in panel a. Synergy between the deletion of RAD17 and mec1Δ, ddc2Δ, and tel1Δ mutations suggests that the Rad17-Ddc1-Mec3 complex signals both the Mec1-and Tel1-dependent checkpoint pathways. Synergy of mec1Δ with tel1Δ is consistent with the partial redundancy between MEC1 and TEL1, which encode protein kinases 4 ; synergy of mec1Δ with defects in Rad17-Ddc1-Mec3 and Rad53 argues that in the absence of Mec1, the Tel1 checkpoint-signaling pathway also utilizes these components. The GCR strain scores for the rad53Δ mutations are complicated by the slow growth of rad53Δ single and double mutants, which likely leads to a lowered GCR strain score. The synergistic interactions of the checkpoint-deficient but replication-proficient mrc1-aq allele indicate that Mrc1-dependent signaling likely involves Mec1-Ddc2 but not Tel1 and that the Rad17-Ddc1-Mec3 complex functions in an alternative pathway. Synergy of mrc1-aq with tof1Δ and csm3Δ could suggest that Tof1-Csm3 might be involved in the signaling pathway, or that more replication damage occurs in tof1Δ and csm3Δ mutants as Tof1-Csm3 is important for proper localization of Mrc1 to fulfill its roles in DNA replication 5 . In contrast to the effects of mutations in MRC1, a deletion of RAD9 has few increased genetic interactions with other checkpoint mutations (Supplementary Figure 9) , suggesting that the replication checkpoint is more important than the general DNA damage checkpoint in suppressing GCRs detected in the dGCR assay. Deletion of the genes encoding the downstream kinases Chk1 and Dun1 have very few interactions with other checkpoint genes, except for the interactions between dun1Δ and both tof1Δ and csm3Δ mutations. e. A model consistent with these observed interactions in the suppression of GCRs detected in the dGCR assay is shown. Figure 13 . Distribution of GCR strain scores for the "high priority" and "low priority" sets of single mutations. Histograms of the number of mutant strains as a function of the average GCR strain score reveals that a greater number of mutations in the high-priority set (Supplementary Data 1) cause higher GCR strain scores in the sGCR assay (panel a), dGCR assay (panel d), and tyGCR assay (panel g) compared to the low priority set of mutations (Supplementary Data 1) in the sGCR assay (panel b), dGCR assay (panel e), and tyGCR assay (panel h). The GCR strain scores also were converted into monotonically increasing cumulative distribution functions for the sGCR assay (panel c), dGCR assay (panel f), and tyGCR assay (panel i). The deviation of these curves from a step function reflects both stochastic numbers of papillae in each patch as well as genetic influences on the GCR rate and growth rate of the cells. Notably, mutations in the high-priority genes, which were predicted to more likely cause increased GCR rates, show a stronger deviation from a step function for all three assays. Figure 14 . Distribution of dGCR strain scores for the "high priority" and "low priority" sets of mutations when crossed to the dia2Δ, rrm3Δ, exo1Δ, and rtt107Δ mutant query strains. The dGCR strain scores are displayed using a cumulative distribution function of the fraction of double mutants with a lower strain score for the high-(red line) and the low-(blue line) priority sets of bait mutations (Supplementary Data 1), as compared to the single mutant distribution for all mutations (dashed black line). For each of these mutants, the high-priority set shows the greatest deviation from a step function, indicating a larger number of genetic interactions with bait mutations. 
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(0.6) - - pgd1 1.5 1.14×10 -7 (1.3) - - rtt107 1.5 - 1.7 4.95×10 -7 (5.8) sac3 1.5 9.01×10 -8 (1.0) - - slx8 1.5 - 2.7 5.01×10 -6 (58.3) snt1 1.5 2.08×10 -7 (2.4) - - ump1 1.5 2.89×10 -7 (3.3) - - mrc1 1.4 - 2.0 3.08×10 -7 (3.6) apn1 1.3 1.28×10 -7 (1.5) - - apn2 1.3 7.70×10 -8 (0.9) - - cac2 1.3 1.07×10 -7 (1.3) - - chk1 1.3 - 1.4 5.76×10 -7 (6.7) ctf18 1.3 - 1.3 1.41×10 -7 (1.6) dun1 1.3 - 2.1 1.59×10 -7 (1.9) lif1 1.3 9.92×10 -8 (1.2) - - mad2 1.3 9.99×10 -8 (1.2) - - mlh3 1.3 7.07×10 -8 (0.8) - - nup120 1.3 5.88×10 -7 (6.9) - - rad10 1.3 9.93×10 -8 (1.2) - - rnh202 1.3 1.85×10 -7 (2.2) - - rtt109 1.3 - 2.4 1.21×10 -6 (14.1) sae2 1.3 1.39×10 -7 (1.6) - - sem1 1.3 - 1.6 4.90×10 -7 (5.7) shu2 1.3 1.44×10 -7 (1.7) - - ssz1 1.3 2.06×10 -7 (2.4) - - ycl036w 1.3 9.83×10 -8 (1.1) - - yku70 1.3 6.70×10 -8 (0.8) - - yta7 1.3 - 1.6 7.27×10 -7 (9.4) ctk2 1.2 - 1.8 5.26×10 -8 (0.6) dia2 1.2 - 1.2 2.15×10 -7 (2.5) fun30 1.2 - 1.0 4.40×10 -8 (0.5) mec1 sml1 1.2 - 1.9 5.57×10 -7 (6.5) met18 1.2 6.77×10 -8 (0.8) - - rad59 1.2 - 1.0 8.00×10 -8 (0.9) rdh54 1.2 - 1.0 9.17×10 -8 (1.1) rnh201 1.2 2.86×10 -7 (3.3) - - tel1 1.2 3.38×10 -7 (3.9) - - vma8 1.2 5.10×10 -8 (0.6) - - mrs4 1.1 1.60×10 -7 (1.9) - - chd1 1.0 7.80×10 -8 (0.9) - - ckb1 1.0 2.14×10 -7 (2.5) - - clb5 1.0 1.79×10 -7 (2.1) - - dnl4 1.0 1.87×10 -7 (2.2) - - esc1 1.0 1.28×10 -7 (1.5) - - hst4 1.0 5.31×10 -7 (6.2) - - lge1 1.0 - 1.0 1.12×10 -7 (1.3) poc4 1.0 8.73×10 -8 (1.0) - - pol32 1.0 - 1.3 2.12×10 -7 (2.5) rad30 1.0 7.45×10 -8 (0.9) - - rad51 1.0 - 1.3 2.27×10 -7 (2.6) rad52 1.0 2.00×10 -8 (0.23) - - rrm3 1.0 - 1.1 1.02×10 -7 (1.2) rtt101 1.0 - 1.5 2.53×10 -7 (3.0) slx1 1.0 8.24×10 -8 (1.0) - - slx4 1.0 - 1.1 1.03×10 -7 (1.2) mrc1-aq 0.9 - 1.0 1.01×10 -7 (1.2) hur1 0.83 3.74×10 -8 (0.4) - - mec3 0.83 2.24×10 -8 (0.3) - - psy3 0.83 1.55×10 -7 (1.8) - - rad54 0.83 1.31×10 -7 (1.5) - - rtf1 0.83 - 0.9 3.12×10 -7 (3.6) set2 0.83 1.62×10 -7 (1.9) - - swr1 0.83 - 1.3 1.32×10 -7 (1.7) arp8 0.67 - 0.7 1.85×10 -7 (2.2) pfd1 0.67 1.95×10 -7 (2.3) - - lsm7 0.50 5.86×10 -8 (0.7) - - rad9 0.50 - 0.6 3.34×10 -8 (0.4) rad53 sml1 0.50 - 1.1 2.48×10 -7 (2.9) rsc30 0.50 - 0.3 2.45×10 -7 (2.9) dot1 0.33 7.10×10 -8 (0.83) - - eaf7 0.33 9.93×10 -8 (1.2) - - cdh1 0.17 1.75×10 -9 (0.02) - - dep1 0.17 4.19×10 -8 (0.50) - - rsc2 0.10 1.33×10 -9 (0.02) - - clb2 0.0 3.13×10 -8 (0.4) - - pop2 0.0 8.28×10 -9 (0.10) - - rpd3 0.0 3.24×10 -8 (0.4) - - ypt6 0.0 8.44×10 -8 (1.0) - - Supplementary
